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过渡金属的许多性质都与 d 电子密切相关，但是未充满的 d 轨道又往
往引起复杂的电子相关效应，近简并效应，以至过渡金属团簇有许多能量
接近的电子态，为研究带来很大难度。为了考察 d 电子较少的前过渡金属

























摘  要 
 II
（3）混合团簇的化学键性质更复杂，两种元素配比的不同直接影响了团
簇的成键规律。一般 Nb 原子多的体系稳定形式趋近 Nb 团簇，高配位密
堆积；Co 原子多的体系则近似 Co 团簇，成键数较少，结构较松散。团簇









（5）V 与 Nb 为同一副族元素，所以 VxCox等比团簇的成键性质与 NbxCox
相似，均以三角面多面体为 稳定结构，原子间趋于 大成键。V 原子成
内核骨架，Co 原子在外层配位。但是由于 V 原子为 Nb 原子的前一周期


















 Theoretical study of binary transition-metal clusters 
M/Co (M=Nb, V) 
Abstract: 
Considerable effort is currently being expended on the study of 
transition-metal (TM) clusters, which contributes to a better understanding of 
metallic surfaces and related metallic compounds. While earlier investigations 
on TM clusters were mainly confined to monometallic clusters, bimetallic 
clusters as well as multi-component metal clusters have become a subject of 
intensive interest in the past few years. The latter ones often exhibit more 
excellent properties than their monometallic counterparts for such applications 
as heterogeneous catalysis and new magnetic materials. 
The d electrons are responsible for the most properties of TM clusters. 
However, there are strong difficulties in studying TM clusters due to the 
near-degeneracy effects from the formation of d bonds, the non-negligible 
relativistic effects, and the strong dynamical correlation effects from the open 
d shell which gives the rise to a number of low-lying states of high net spin 
number. In order to understand the differences between early TM clusters and 
late TM clusters, the Nbn, Vn and Con (n≤6) clusters have been studied. 
Moreover, in order to better understand the structural, chemical and magnetic 
properties of binary TM clusters, the detailed calculations have been 
performed for NbxCoy (x+y≤6), Nb4Co4, Nb5Co5 and VxCox (x≤4). Based on 
our calculations, the following conclusions have been inferred: 















way to analyze the bonding characters of polyhedral TM compounds such as 
small niobium clusters and their complex compounds. Furthermore, more 
properties of TM clusters including metal-metal bonding interactions, 
magnetic properties, and vibrational spectra can be studied by the relativistic 
density functional theory (DFT). 
(2) The physical and chemical properties of monometallic clusters are 
relatively simple. The niobium clusters have compact structures with low spin 
states due to strong metal-metal bonding interactions; a unique dimer growth 
route is found in vanadium clusters, which reflects the localized behavior of 
the d electrons; while the cobalt clusters exist in incompact structures and high 
spin states with large magnetic moments. The differences of cluster growths 
come from the different electronic structures and the order of binding energies 
(Nbn>Vn>Con). 
(3) The bond characters of bimetallic clusters are more complex than that of 
monometallic clusters. The ratio of different atoms plays an important role in 
these clusters. For NbxCoy, when x>y, clusters with high stability have 
compact structures with more strong metal-metal bonds which is similar with 
that of niobium clusters; on the contrary, when x<y, the clusters are slightly 
less bonded and the general properties will be like that of cobalt clusters. The 
stability maybe increases with the enhancement of the number of niobium 
atoms and cluster size. 
 (4) Equilibrium geometries and electronic properties of binary 
transition-metal clusters, NbxCox (x≤5), exhibit rich structural varieties on the 
potential energy surfaces. The most stable structures have a compact 
conformation in relatively high symmetry, in which the Nb atoms prefer to 















building features in clustering of the Nb/Co system are related to the order of 
bond strength: Nb-Nb>Nb-Co>Co-Co. As the binary cluster size increases, the 
Nb-Co bond may become stronger than the Nb-Nb bond in the inner niobium 
core, which results in a remarkable increment of the Nb-Nb bond lenght. 
Amongst these binary transition-metal clusters, the singlet (NbCo)4 in Td 
symmetry has striking high stability due to presence of the spherical 
aromaticity and electronic shell closure. The size dependence of the bond 
length and stability of the cluster has been explored. 
(5) Since both of vanadium and niobium are VB elements, many bond 
properties of VxCox are similar to those of NbxCox clusters. In VxCox, the V 
atoms form an inner core, while Co atoms prefer to be unbonded. However, 
the high symmetry structure of VxCox possibly distorts to low symmetry due to 
the degree of s-bonding in vanadium clusters is larger than that in niobium 
clusters. 
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